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INTRODUCTION 
Ford Aerospace & Communications Corporation and Yardney Ba t t e ry  
Div is ion  a r e  now completing the  design of  a b ipo la r  nickel-hydrogen b a t t e r y  
s t ack .  This  i n i t i a l  des ign  i s  t h e  f i r s t  of t h r e e  design phases being con- 
ducted on t h e  Advanced Nickel-Hydrogen Bat te ry  Development Program. The 
program i s  sponsored by t h e  NASA-Lewis Research Center and t h e  technology is  
being considered a s  one of  t he  energy s to rage  concepts f o r  t h e  Space S t a t i o n *  
The i n i t i a l  s t a c k s  which w i l l  soon begin f a b r i c a t i o n  were designed 
wi th  s e v e r a l  o b j e c t i v e s  i n  mind (Reference 1):  
o Maximization of  r e l i a b i l i t y  and l i f e  
o High s p e c i f i c  energy and energy dens i ty  
o Reasonable c o s t  o f  manufacture, t e s t ,  and i n t e g r a t i o n  
o Ease i n  s c a l i n g  f o r  growth i n  power requirements  
To meet t h e s e  o b j e c t i v e s  t h e  b a t t e r y  design must provide f o r  c a r e f u l  m a t e r i a l  
and thermal  management (Reference 2). 
This  paper p re sen t s  t h e  r e s u l t s  of  t he  design e f f o r t  which has  
r e s u l t e d  i n  t h e  i n i t i a l  b ipo la r  nickel-hydrogen b a t t e r y  design. S p e c i f i c a l l y ,  
t h i s  paper w i l l  d i s c u s s  t h e  thermal and mechanical design of  t h e  b a t t e r y ,  The 
e lec t rochemica l  design cons ide ra t ions  of t h e  b a t t e r y  a r e  descr ibed i n  
Reference 3. 
THERMAL DESIGN 
The thermal  des ign  of a b ipo la r  nickel-hydrogen b a t t e r y  is c r i t i c a l  t o  
t h e  l i f e  and r e l i a b i l i t y  of t h e  ba t t e ry .  Ma te r i a l s  balance and e l e c t r i c a l  
performance a r e  q u i t e  dependent on t h e  thermal design. Thermal imbalances 
between i n d i v i d u a l  cells can l ead  t o  premature f a i l u r e  of t h e  b a t t e r y  s i n c e  
t h e  t r a n s f e r  of  m a t e r i a l s  from c e l l  t o  c e l l  v i a  t h e  g a s  o r  vapor phase i s  
poss ib le .  A warmer c e l l  can l o s e  water t o  t h e  coo le r  c e l l s  and thus  dry  o u t  
caus ing  i t  t o  be less e f f i c i e n t .  This i n e f f i c i e n c y  w i l l  r e s u l t  i n  h igher  hea t  
d i s s i p a t i o n  dur ing  e l e c t r i c a l  cyc l ing  which w i l l  compound t h e  temperature 
d i f f e r ences  between t h i s  c e l l  and t h e  o t h e r s  of  t h e  b ipo la r  s t ack .  The 
runaway cond i t i on  w i l l  u l t i m a t e l y  r e s u l t  i n  b a t t e r y  f a i l u r e .  
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Not only should ce l l - to -&i l l  temperature gradients  be eliminated but 
i n t r a c e l l  g rad ien t s  must be miaimiaed, Large temperature gradients  over the  
e l ec t rode  surface  would r e s u l t  i n  performance imbalances which could be 
detr imental  t o  long term performance. The following t h e m a l  performance goals  
have been es tabl i shed f o r  the  bipolar  nickel-hydrogen bat tery  design: 
o Operational temperature range: 0 t o  2 5 ' ~  
o Cell- to-cel l  temperature gradient:  1°c (maximum) 
o I n t r a c e l l  temperature gradient:  5 ' ~  (maximum) 
The ce l l - to -ce l l  temperature gradient  of 1°c is f o r  equivalent  loca t ions  on 
each c e l l o  
To meet these  thermal requirements the  bipolar  ba t tery  s t a c k  w i l l  be 
edge cooled, The e lec t rodes  w i l l  be rec tangular  i n  shape and a f l a t  cooling 
panel containing a pumped cooling f l u i d  w i l l  be assembled onto the  two long 
s ides  of t h e  s t ack ,  The b ipolar  conduction p l a t e  s f  each c e l l  w i l l  have 
s u f f i c i e n t  thickness t o  conduct the  heat  generated by the  i n e f f i c i e n c i e s  of 
the  c e l l  t o  the  cooling p la te .  Cooling p l a t e s  on opposite s i d e s  of the  c e l l  
s t a c k  w i l l  contain f l u i d  flowing i n  opposi te  d i rec t ions ,  This counterflow 
cooling a l s o  kelps  minimize i n t r a c e l l  temperature gradients*  
The temperature g rad ienhacross  a c e l l  is dependent on the  c e l l  hea t  
d i s s i p a t i o n  and the  heat  path t h e f i a l  conductivfty,  The ba t t e ry  design i s  
based on a 75Ah c e l l  opera t ing  a t  86% depth of discharge i n  a t y p i c a l  low 
e a r t h  o r b i t  having a 90 minute period. Reference 4 discusses the  considera- 
t i o n s  which a f f e c t  the  thermal design u t i l i z i n g  edge coolinge Spec i f i ca l ly ,  
the  b a t t e r y  weight and volume can be optimized by s e l e c t i n g  t h e  n ickel  elec-  
t rode  width and s i z i n g  the  b ipolar  conduction p l a t e  thickness s o  t h a t  the  
thermal requirements a r e  met. 
Ford Aerospace has analyzed the  thermal design of %he ba t t e ry  a s  a 
funct ion  of n icke l  e l ec t rode  width and bat tery  depth of discharge, Two depths 
of discharge were considered, 40% and 80s. S ign i f i can t  weight d i f f e rences  
r e s u l t  i n  these  two designs mainly due t o  the  th icker  bipolar  conduction 
p l a t e s  required f o r  t h e  higher depth of discharge (Reference 5). 
Figure 1 shows the  e'fect t h e  n ickel  e lec tsode  width has on t h e  
b ipolar  conduction p l a t e  thickness f o r  the  two depths of discharge being 
considered. Both curves r e s u l t  i n  equivalent  t h e m a l  perfomance with respect  
t o  opera t ing  temperature range and temperature gradients-  
Since t h e  b ipolar  conduction p l a t e  is i n  d i r e c t  e l e c t r i c a l  contac t  
with t h e  c e l l  t he  p l a t e  must be i s o l a t e d  from the  cooling p l a t e ,  
Unfortunately, e l e c t r i c a l  i n s u l a t o r s  are poor thermal oonductors, The poor 
thermal conduct iv i ty  coupled with the  small conduction a rea  a t  the  bipolar  
conduction p la te /cool ing  panel i n t e r f a c e  makes i t  necessary f o r  a s p e c i a l  
intermediate thermal conductor known a s  an PL9 f i n e  The concept, shown i n  
Figure 2, provides t h e  thermal contact  a rea  necessary f o r  the  t h e m a l  conduc- 
t i o n  of the  waste heat  from the  c e l l  edge t o  the  cooling p l a t e ,  The *Lg f i n  
is e l e c t r i c a l l y  i s o l a t e d  from the  bipolar  conduction p la te .  Heat is trans-  
f e r r ed  from t h e  b ipo l a r  conduction p l a t e  t o  t h e  'L1 f i n  through a l a r g e r  
i n s u l a t e d  con tac t  a r e a  then  d i r e c t l y  t o  t h e  f l u i d  cool ing  channel. 
MECHANICAL DESIGN 
The c e l l  frame i s  t h e  on ly  component i n  t h e  s t a c k  des ign  which con- 
t r o l s  m a t e r i a l  management, p a r t i c u l a r l y  e l e c t r o l y t e  i s o l a t i o n  and water.  I n  a 
b ipo la r  b a t t e r y  s t a c k  r e l a t i v e l y  s h o r t  d i s t a n c e s  i n  t h e  s t a c k  d i r e c t i o n  per- 
pendicular  t o  t h e  e l e c t r o d e  a r ea  r e s u l t s  i n  s i z e a b l e  vo l tage  d i f f e r e n c e s  
making e l e c t r o l y t e  i s o l a t i o n  very important .  An e l e c t r o l y t e  br idge between 
two c e l l s  w i l l  e l e c t r i c a l l y  s h o r t  t h e  two c e l l s  and a l l  c e l l s  i n  between. 
The ce l l  frame must be capable  o f  s e a l i n g  t h e  e l e c t r o l y t e  w i th in  t h e  
frame. Fea tu re s  i n  t h e  frame, such as an o-ring and groove d e t a i l  can s e a l  
t h e  frame. A l t e r n a t i v e l y ,  compression of  s t a c k  on t h e  frame s u r f a c e s  can be 
used t o  make a s e a l .  
A s  shown i n  F igure  2, t h e  'L' f i n  must be i n s u l a t e d  from t h e  b ipo l a r  
conduction p l a t e  wi th  which i t  is d i r e c t l y  i n  contac t .  I f  t h i s  i n s u l a t i o n  
material i s  semi-r igid and has  hydrophobic p r o p e r t i e s  then an  e l e c t r o l y t e  s e a l  
can be e s t a b l i s h e d  by compressing the'  c e l l  s t a c k  and t h e  i n s u l a t i o n  m a t e r i a l .  
The 'L1 f i n  i s  bonded t o  t h e  c e l l  frame and t h e  c e l l  frame is  bonded t o  t h e  
b ipo l a r  conduction p l a t e  a t  t h e  lower frame i n t e r f a c e .  Thus t h e  c e l l  frame 
s e a l  is  made by e i t h e r  compression of  t h e  i n s u l a t i o n  m a t e r i a l  o r  a bonded 
i n t e r f a c e .  
End p l a t e s  a t  t h e  t o p  and bottom o f  t h e  cell  s t a c k  w i l l  provide t h e  
s t a c k  compression v i a  t i e  rods.  The s t a c k  components w i l l  be under 
approximately 23 p s i  of  compression while  t h e  ce l l  frame s e a l  w i l l  be under 
a p p ~ o x i m a t e l y  230 p s i  of  compression. The b ipo l a r  conduction p l a t e  i n  con tac t  
w i th  t h e  compression s e a l  w i l l  be t e f l o n  coa ted ,  t hus  enhancing t h e  
hydrophobic c h a r a c t e r i s t i c s  of  t h e  compression seal. 
The cel l  frame must a l s o  provide gas  acces s  t o  t h e  hydrogen e l e c t r o d e .  
This  is  accomplished by a l lowing  t h e  hydrogen gas  s c r een  under t h e  nega t ive  
e l e c t r o d e  t o  pro t rude  t o  t h e  o u t e r  edge o f  t h e  cell  frame's narrow s i d e  
(Figure 2) .  The amount of  g a s  s c r een  under t h e  celk frame w i l l  be t e f l o n  
coated a s  w i l l  t h e  b ipo l a r  conduction p l a t e  i n  t h i s  wea. The hydrophobic 
s u r f a c e s  i n  t h e s e  a r e a s  a r e  t h e  on ly  e l e c t r o l y t e  b a r r i e r .  
A s  t h e  ce l l  goes i n t o  overcharge oxygen w i l l  be generated a t  t h e  
n i c k e l  e l e c t r o d e .  The ce l l  s t a c k  components must recombine t h i s  oxygen wi th  
hydrogen producing water .  It i s  important t o  recombine t h e  oxygen i n  t h e  ce l l  
where it  was generated.  If t h e  oxygen were allowed t o  escape t h e  cel l  it was.  
generated i n  t h i s  cel l  would e f f e c t i v e l y  be l oos ing  water  and o t h e r  cells  
would ga in  water where i t  f i n a l l y  recombines. This  would r e s u l t  i n  dry ing  o u t  
of  one ce l l  and p o t e n t i a l  f l ood ing  of  o the r s .  
To prevent  t h i s  from occu r r ing  each cel l  w i l l  have a recombination 
s i t e  and e l e c t r o l y t e  r e s e r v o i r  f o r  oxygen recombination. The n i c k e l  
e l e c t r o d e ,  l oca t ed  between t h e  recombination s i t e / r e s e r v o i r  and hydrogen 
e l e c t r o d e  w i l l  produce oxygen on overcharge. The a sbes to s  s e p a r a t o r ,  having 
high oxygen bubble pressure,  w i l l  force  the  oxygen t o  the  recombinatioh 
s i t e / r e s e r v o i r  a rea  and t o  recombine there .  The water w i l l  flow d i r e c t l y  f h o  
the  r e s e r v o i r  and n icke l  e l ec t rode  c rea t ing  a continuous water balance An the  
c e l l .  
If  the  oxygen were allowed t o  recombine a t  the  hydrogen e lec t rode ,  
the  water produced could g e t  trapped i n  the  gas screen o r  flood the  hydrogen 
e lec t rode .  I n  e i t h e r  event the  performance of the  c e l l  would be impaired. 
Using asbes tos  a s  the  separa tor  and having the  separa tor  touch the  c e l l  frame 
a t  a l l  four edges gaskets  oxygen from g e t t i n g  t o  the  hydrogen e lec t rode ,  
I N I T I A L  DESIGN AND PERFORMANCE GOALS 
To meet the  design capac i t  ob jec t iv5  of  75Ah i t  is necessary f o r  the  3 
n icke l  e l ec t rode  area  t o  be 192 i n  (1239 cm 1, based on a 0.083 i n  (2.11mm) 
t h i c k  e lec t rode  chosen f o r  the  i n i t i a l  design. This area  can be accommodated 
i n  almost any combination of e l ec t rode  length and width but the  configurat ion 
chosen f o r  the  i n i t i a l  design w i l l  be th ree  ( 3 )  4.0 inch wide by 16.0 inch 
long (10.2cm x 40.6cm) modules, each contained i n  a c e l l  frame mounted on a 
s i n g l e  b ipolar  conduction p la te .  This configurat ion was es tabl i shed by the  
thermal design of the  ba t t e ry  and manufacturing cons t ra in t s  on the  c e l l  
frames. 
The c e l l  s t a c k  w i l l  cons i s t  of a b ipolar  conduction p l a t e ,  e l e c t r z l g t e  
reservoir /recombination s i t e  p l a t e ,  n ickel  e lec t rode ,  separa tor ,  integrated- 
hydrogen e lec t rode ,  and gas screen. The n icke l  e lec t rode  within each c e l l  - 
frame w i l l  be s p l i t  i n  two equal  pa r t s .  The s p l i t  e l ec t rode  w i l l  be ade- 
quately spaced and t h e  gap w i l l  be f i l l e d  with a wick made of separa tor  
mater ia l .  The wick serve  two purposes: (1 )  t o  provide a space f o r  area  
expansion of the  e l ec t rode ,  and (2 )  t o  provide a d i r e c t  r e t u r n  path f o r  water 
from t h e  r e s e r v o i r  t o  the  separa tor .  A wick w i l l  a l s o  be placed a t  each end 
of the  n ickel  e lec t rode .  
The b ipolar  conduction p l a t e  thickness f o r  the  i n i t i a l  design w i l l  
be 0.040 inches (1.02mm). This thickness was based on an opera t ing  depth of  
discharge of 80% and a n icke l  e lec t rode  width of  4-0 inches (10.2cm). 
Selec t ion  of t h i s  n icke l  e l ec t rode  width and bipolay,plate thickness is d i s -  
cussed i n  Reference 5. 
The hydrogen e lec t rode  is an in tegra ted  s t ruc tu re .  The app l i ca t ion  of  
t h i s  new development by Yardney came about when the  negative e lec t rode  
o r i g i n a l l y  considered f o r  design experienced f looding during operat ion.  
The separa to r  and e l e c t r o l y t e  wicks a r e  beater  t r ea ted  asbes tos  ( B ~ A )  
f ab r i ca ted  using s i m i l a r  techniques which NASA-LeRC has been successful ly  
using. The r e s e r v o i r  ma te r i a l  w i l l  be n ickel  foam metal. Two types of gas 
screen w i l l  be used. One is a f i n e  mesh i n  d i r e c t  contac t  with t h e  negative 
e l ec t rode  t o  provide good e l e c t r i c a l  conductivi ty;  t h e  second is  a l a r g e r  mesh 
f o r  gas  access.  
A c ross -sec t ion  of t he  c e l l  is shown i n  Figure 2. The th icknesses  of 
t h e  var ious  components a r e  summarized i n  Table 1. 
Each c e l l  module i s  contained wi th in  a  p l a s t i c  c e l l  frame. The c e l l  
frame provides t he  necessary gas acces s ,  i s o l a t e s  t h e  c e l l  components from the  
cool ing  channels ,  s e a l s  t h e  c e l l  from e l e c t r o l y t e  leakage which would r e s u l t  
i n  c e l l  b r idging ,  and provides a  i n t e r n a l  oxygen s e a l  which won't a l low oxygen 
t o  recombine a t  t h e  nega t ive  e l ec t rode .  The c e l l  frame is s l i g h t l y  t h inne r  
than the  sum of t h e  c e l l  component thicl.cnesses s o  t h a t  when t h e  s t a c k  is  
compressed each c e l l  is uniformly compressed providing a good e l e c t r i c a l  
contac t  with the  b ipo la r  conduction p l a t e  between c e l l s  and uniform i n t e r e l e c -  
t rode  spacing. 
S tack  compression is  maintained by end p l a t e s  and t i e  rods.  The t i e  
rods  pass  through t h e  c e l l  frames and b ipolar  conduction p l a t e s  and a r e  insu-  
l a t e d  with a  t e f l o n  s leeve .  The t i e  rods  cannot pass  ou t s ide  t h e  c e l l  frames 
because they would i n t e r f e r e  wi th  t h e  cool ing  panels.  
The cool ing  panels  a r e  assembled onto  t h e  long  s i d e s  of  t h e  s t ack .  
s L q  f i n s  bonded onto t h e  c e l l  frame provide t h e  necessary hea t  t r a n s f e r  su r -  
f ace  f o r  t h e  h e a t  path between t h e  b ipo la r  conduction p l a t e  and t h e  coo l ing  
panels .  Since t h e  b ipo la r  conduction p l a t e  is i n  d i r e c t  con tac t  w i t h  t h e  c e l l  
i t  i s  i n s u l a t e d  from the  cool ing  p l a t e  a s  previously discussed.  
- -  
The performance g o a l s  shown on Table 2 have been e s t a b l i s h e d  f o r  t h e  
i n i t i a l  d s s ign  b a t t e r y  s t a c k .  
Ford Aerospace and Yardney have e s t ab l i shed  t h e  i n i t i a l  des ign  f o r  t h e  
NASA-Lewis advanced nickel-hydrogen ba t te ry .  Fab r i ca t ion  of two 10-cell  
b o i l e r p l a t e  b a t t e r y  s t a c k s  w i l l  soon begin. The t e s t  b a t t e r i e s  w i l l  undergo 
c h a r a c t e r i z a t i o n  t e s t i n g  and low e a r t h  o r b i t  l i f e  cyc l ing .  
The design e f f e c t i v e l y  d e a l s  with waste hea t  generated i n  t h e  c e l l  
s t a c k ,  S tack  temperatures  and temperature g rad ien tg2a re  maintained t o  accept-  
a b l e  l i m i t s  by u t i l i z i n g  t h e  b ipo la r  conduction p l a t e '  as a h e a t  pa th  t o  t h e  
a c t i v e  coo l ing  f l u i d  panel  e x t e r n a l  t o  t h e  edge of  t h e  c e l l  s t ack .  
The thermal des ign  and mechanical design of t h e  b a t t e r y  s t a c k  toge the r  
maintain a  m a t e r i a l s  balance wi th in  t h e  c e l l .  An e l e c t r o l y t e  s e a l  on each 
c e l l  frame p r o h i b i t s  e l e c t r o l y t e  br idging.  An oxygen recombination s i te  and 
e l e c t r o l y t e  r e s e r v o i r / s e p a r a t o r  design does not  a l low oxygen t o  l eave  t h e  c e l l  
i n  which i t  was generated.  
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Figure 2. Bipolar Nickel-Hydrogen Cell 
Table 1. CELL COMPONENT THICKNESSES 
Component Thickness 
* 
1. Bipolar Conduction P la te  0.040 inch 1.02 mm 
2. Elect rolyte  Reservoir 0.038 0.97 
3. Nickel Electrode 0.083 2.11 
4. Separator 0.05 5 0.38 
5. Integrated Negative Electrode 
6. Nickel Gas Screen (Tota l )  
Table 2. BATTERY PERFORMANCE GOALS 
Character is t ic  - Performance Goal 
E lec t r i ca l  Performance: 
Charge Current 
Recharge Fraction 
Charge Voltage (Maximum) 
Discharge Current 
Discharge Capacity (Minimum) 
Discharge Voltage (Minimum) 
Pulse Load 
Minimum Voltage 
Specif ic  Energy 
Energy Density 
103A (1*37C) 
75 Ah ( t o  l.OV/cell) 
1.20V/cell average t o  80% DOD 
30C f o r  5 seconds 
1.00VJcell 4 
Cycle Life 30,000 cycle a t  80% DOD 
Thermal Performance: 
Cooling 
Operating Temperature 
Qua l i f i ca t ion  Temperature 
Temperature Gradients 
Active, pumped f l u i d  cooling 
0°-250c during 90 minute o rb i t  
-lo0 t o  +35Oc 
5'1: within s ingle  c e l l ;  1°c 
from cell- to-cell  
